Introduction
R&D partnerships are vital sources of innovation and competitive advantage for firms across many industries. As products become increasingly complex and technology becomes increasingly advanced, R&D partnerships are formed between service firms and manufacturers, between hardware and software developers, between OEMs and their suppliers -even between competitors. The upside is enormous. By sharing knowledge and pooling resources, partnering firms are able to develop cutting-edge technology across a range of areas that no firm could have covered on its own.
Trust is a core currency in such partnerships. Trust facilitates learning and knowledge exchange. Trust allows firms to collaborate under uncertain conditions when it is impossible to write a full contract. In short, the research evidence is clear: there is a strong and significant correlation between trust and collaborative performance in R&D partnerships (Gulati & Nickerson, 2008; Krishnan et al., 2006; Poppo et al., 2016 ). Yet, seasoned executives know all too well that, although trust takes a long time to build, it can only take a minute to destroy. In particular, when costs increase more than expected and project delays strain patience (which is, after all, the rule more than the exception in a context of innovation), collaborating partners may turn out to be more opportunistic than initially expected. They might shirk, leak information, try to push costs onto one another, or behave in a way that causes the initial trust to disappear and distrust to emerge. Such loss of trust is a real problem. Once trust disappears, R&D partnerships are likely to descend a slippery slope of increasingly harsh interactions and an atmosphere of wariness, watchfulness, and vigilance (Ariño & de la Torre, 1998; Doz, 1996) , often leading to expensive divorces . In this situation, a core question becomes: how can firms deal with trust violations when they occur and how can trust be rebuilt over time?
This article offers an actionable framework for dealing with trust violations in R&D partnerships: it explains how to turn around a conflicted R&D partnership, repair trust, and learn from the experience. As innovation becomes more open, firms increasingly find themselves involved in R&D collaborations with suppliers, customers or even competitors. Trust plays a fundamental role in such partnerships to work. Yet, trust cannot be taken for granted. In fact, trust in R&D partnerships is often violated -and without executive intervention, trust violations can soon turn even the most promising partnership into a value-destroying predicament. Although much has been written about trust formation in R&D partnerships, this article focuses instead on what to do when trust has been broken. The analysis is based on a review of academic research and is illustrated with real-life examples of trust repair processes. 
Rebuilding trust when it's been broken is not dependent
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In this article, I address that core question. Actionable advice already exists about how to assess initial trust (e.g., Kunttu, 2017; Moraes, 2010) build trust (e.g., Arino et al., 2001) , or exit R&D partnerships once trust is broken (e.g., . My analysis complements this prior work by developing a framework that addresses how to deal with trust violations when they occur, then repair trust, learn from the experience, and continue to reap the benefits of collaboration. For managers, this knowledge is important. Because there is no such thing as a perfect partnership, learning how to work together -instead of splitting up -can become a valuable source competitive advantage in the longer run. For scholars interested in inter-organizational trust repair (e.g., Bachmann et al., 2015; Brattström et al., 2018; Doz, 1996; Faems et al., 2008) , the framework that I develop in this article offers an integrative perspective of how different trust repair tactics work in conjunction.
Method
The framework in this article is based on a thorough review of current research on how to build, maintain, and repair trust in R&D partnerships. I searched for the words "trust", "trust repair", "relationship repair", and "transgression" in major European and North American journals. This allowed me to identify a rich body of research that addresses this particular phenomenon. I used this literature in two specific ways.
First, I leveraged conceptual work that discusses the dynamics of trust, distrust, and trust repair (Bachmann et al., 2015; Dirks et al., 2009; Gillespie & Dietz, 2009; Lewicki & Brinsfield, 2017; Lewicki et al., 1998; Lewicki & Wiethoff, 2000) . This conceptual work offers rich insights into the dynamics of trust repair processes, including how they differ from processes of trust building. Moving beyond these prior conceptual studies, my analysis focused specifically on the context of R&D partnerships and the particular opportunities and challenges of repairing trust in this context. Here, the results of my analysis are written with a practitioner audience in mind.
Second, I drew on empirical research on inter-organizational trust breakdown and repair. In particular, I leveraged the richness of longitudinal, qualitative studies that have been published on this topic, where authors have provided rich insights into different trust breakdown repair processes between organizations (e.g., Ariño & de la Torre, 1998; Doz, 1996; Faems et al., 2008) . Each of these studies explores a particular facet of inter-organizational trust repair, such as the role of contracts (Faems et al., 2008) or shielding off . The purpose of my analysis, in contrast, is to provide an integrative perspective: to identify the strength and weaknesses of different trust repair strategies and to discuss how they can be used in conjunction. To support my conclusions and recommendations, I provide detailed references to the original sources.
Why Trust Is Needed in R&D Partnerships
An R&D partnership is "the specific set of different modes of inter-firm collaboration where two or more firms, that remain independent economic agents and organizations, share some of their R&D activities" (Hagedoorn, 2002 ). An R&D partnership is a leap into the unknown. Because it is inherently about innovation, partners cannot fully predict the outcome, the duration, the cost, nor the benefits of collaboration. They can only hope that both partners will do what it takes to succeed. Trust enables such hope. To trust is to take a leap of faith -to put your destiny in another's hands.
When a firm is in control of its partner, trust is desirable but not essential (Brattström & Bachmann, 2018) . In most cases, however, firms find themselves in R&D partnerships where they are not in full control but are nevertheless dependent on the actions of a partner. In these cases, trust is more than "nice to have" because it allows partners to interact without being paralyzed by fear of loss. For example, trust enables the exchange of sensitive information or complex knowledge. Trust promotes constructive dialogue, stimulates creativity, and thereby leads to productive progress in work tasks. In fact, trust is much more than a "feel good" factor: there is a clear and powerful link between trust and performance in R&D partnerships (Gulati & Nickerson, 2008; Krishnan et al., 2006; Poppo et al., 2016) .
Trust is built incrementally as partners interact with each other over time (Zaheer et al., 1998) . Usually, this starts with personal relationships, which are gradually extended so that there is not only trust between individuals, but a more generalized and institutionalized trust between the collaboration organizations. In such cases, the relationship becomes characterized by hope, faith, confidence, and assurance (Mayer et al., 1995 (Lewicki et al., 1998) . Eventually, distrust becomes ingrained into the R&D partnership (Kroeger, 2012) , representing confident negative expectations about each partner's future conduct (Lewicki et al., 1998) . Depending on the nature of the violation, this distrust can imply expectations about the partner being honest but incompetent, dishonest but competent, or the twofold setback of being both dishonest and incompetent. When this happens, collaboration suffers. Information does not flow as easily, learning is hampered, attention and efforts are spent on fighting instead of collaboration, deteriorating motivation and draining the partnership from energy. The research evidence is clear: if collaborating partners fail to deal with this negative spiral, chances are that the R&D partnership ends up in a costly divorce (Ariño & de la Torre, 1998) .
What to Do When Trust Is Violated: Exit, Buy, or Repair?
After a trust violation, it is easy to get carried away as the conflict escalates. The intuitive reaction is to call in the lawyers and ask them: "How soon can we get out of this R&D partnership?" This, however, is the wrong question. Executives need to keep a cool head and instead ask themselves: "How dependent are we on this partner?"
Below is a one-minute checklist that can be used to assess the degree of interdependence in a specific R&D partnership. It shows that there are many different reasons why dependence occurs. Dependence is stronger when investments are made within the R&D partnership that have little value outside it (Pfeffer & Salancik, 1978) . Dependence also increases when a partner has made long-term investments that will not return a profit if that partner pulls out of the R&D partnership too early. It may also be that the technical design of a co-created product or the working practices of the firms are so deeply intertwined that tearing them up and starting over with a new partner is both expensive and risky. Moreover, in many industries, there are not that many alternative partners to turn to, which further increases dependence.
Exit is a preferable option under weak-to-moderate dependence. Negative trust spirals are, after all, difficult to turn around. If dependence on the partner is low, it 
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is better to leave too soon than too late. Acquisition, on the other hand, is preferable under moderate-to-strong dependence. Through acquisition, joint work is continued, but the majority owner gets to call the shots, need not worry about information leakage, and enjoys all the profit in the end.
Both exit and acquisition, however, come with substantial risks. Because firms benefit most from R&D partnerships when they intend to continue collaborating for a long time (Gulati & Nickerson, 2008) , being too eager to exit can undermine the R&D partnership from the start. Acquisition is not easy either. By growing in size and complexity, the acquiring firm becomes less agile. Instead of sharing the risks associated with the joint task with a partner, the acquiring firm takes them all on itself. Moreover, acquisitions surprisingly often prove to be value-destroying rather than value-creating when partners struggle to integrate two different firms (Cartwright & Cooper, 1993) . When both exit and acquisition are difficult or too drastic, repairing trust can become an alternative. In the following section, I discuss this alternative, presenting executive tactics for repairing trust.
Trust Repair: A Long-Term Alternative to Exit or Acquisition
Building initial trust requires a step-by-step process during which partners slowly but steadily learn about each other. In contrast, repairing trust requires drastic action. Once the level of trust has dropped below zero, incremental trust-building activities -such as showing commitment, consistency, and honesty -are simply too vague and weak to turn round the negative spiral. Figure 2 provides one way to think about the difference between incremental trust-building and trust repair.
As illustrated in Figure 2 , trust repair starts from a negative state that is characterized by watchfulness, wariness, fear, and skepticism (Lewicki et al., 1998) . To repair trust, partners must first overcome this negativity. They must break away from the tit-for-tat retaliation that follows from violations and that escalate distrust. And, they must put a stop to the negative gossip, stories, and rumours that often spread following a trust violation, and that lead to the diffusion of distrust within the firm. On this point, repairing trust between two organizations is different from repairing trust 
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As illustrated in Figure 2 , the first step of trust repair therefore comprises actions to stop the escalation of distrust. This enables partners to continue the collaboration, even though distrust is still present. The second step comprises actions to establish a platform for repairing trust. The main outcome of this step is an expectation that trust violations that happened in the past are less likely to recur. Thereby, the second step creates sufficient conditions for trust to grow, without being subsumed by the distrust present in the R&D partnership. The third step comprises actions to fully repair trust.
Next, I discuss three specific approaches for stopping escalation, building a platform, and repairing trust -as summarized in Table 1 . The first approach is based on apologies, the second is based on control, and the third is based on shielding off. The insights presented are derived from evidence generated through more than a decade of academic research on trust repair (for excellent reviews of the emergent literature on trust repair, see Bachmann et al., 2015; Dirks et al., 2009; Lewicki & Brinsfield, 2017) .
Repair Trust by Making Apologies
Step 1: Make a clear and credible apology An apology is formally defined as a statement that acknowledges responsibility and regret for a trust violation (Kim et al., 2009) . Making an apology signals that whatever deceitful behaviour took place was an exception to standard behaviour. Apologies -if accepted -are 
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effective means by which the escalation of a negative spiral can be slowed down. Basically, there are two ways to apologize (Kim et al., 2009) . One is to say, "I did it, I accept full responsibility, and I am sorry." The other is to say, "I did it and I am sorry -but I really couldn't help it, since my hands were tied," [or] "...I didn't know it was wrong." Researchers (Harmon et al., 2015; Kim et al., 2006) have shown that, when the transgression relates to lack of honesty, then an apology is more effective if external circumstances can be blamed. This is because accepting full responsibility confirms that the violator was indeed untrustworthy, which can escalate distrust rather than repair trust. If, on the other hand, the transgression relates to lack of competence, then the apology is more credible if the transgressor assumes full responsibility for their wrongdoings.
Step 2: Commit to a full investigation Apologies can stop the escalation of distrust but they are not a sufficient platform for subsequently building trust, because "talk is cheap" (Bottom et al., 2002) . To be credible, apologies must be followed by action. One such action is to commit to a full investigation of what was done wrong and why (Gillespie & Dietz, 2009 ). Rather than identifying scapegoats, this investigation must take a system-wide perspective, reprimanding individuals where necessary and attending to the culture, management practice, and structures that enabled the trust violation to take place.
To further substantiate the apology and build a platform for trust, the investigation should lead to heightened self-monitoring and control. For example, the wrongdoer can open its books to the R&D partnership partner, allowing full disclosure. This is a way both to signal commitment to the R&D partnership and to prevent future transgressions. To add further weight to their apology, the transgressor can also institute a selfpunishment (Nakayachi & Watabe, 2005) . This could take the form of an upfront monetary compensation to the other party or a new routine that ensures that the adverse consequences of any further wrongdoings will fall on the wrongdoer themselves. Through such actions, the firm responsible for the trust violation shows that it is serious about reforming its behaviour.
Step 3: Be clear about expectations Once a negative spiral has been halted and a platform for trust-building established, it is time to engage in an incremental step-by-step process of trust-building. These activities include being very clear about one's own expectations, aiming to understand the partner's expectations and learning from experience by recognizing potential sources of conflict and dealing with them before they escalate into negative spirals.
How apologies can backfire
Apologies can be used as long as one partner is willing to accept responsibility for a trust violation. In many R&D partnerships, however, there are two trust violators, not one, and it can be difficult to sort out who should accept responsibility, and for what. Apologies may also be followed by claims for compensation. If so, denial might be the better strategy. Moreover, any firm that assents to a full investigation of its conduct must be confident that the partner will not find anything that confirms distrust and triggers renewed escalation of conflict. Finally, any firm that invites its partner to monitor its activities must also be confident that the partner will not abuse the information they gain in the process. Since distrust typically goes both ways, such confidence is often lacking. If done wrong, apologies can lead to claims for compensation and even trigger new perceptions of trust violations. The difficult choice that executives need to make is whether they are willing to take all the consequences of accepting responsibility for a trust violation.
Repair Trust by Increasing Control
Step 1: Increase monitoring and control Consider the following example:
On January 1, 1992, the Open Skies Treaty came into force, a treaty currently signed by 34 state parties. This treaty enables all participating nations to fly over areas of concern to them and collect information about military forces and activities. Since the treaty was signed, the participating nations have conducted more than 800 such flights over each other's territory, contributing to peace by creating transparency between nations.
The Open Skies Treaty is a good example of how fragile relationships can be stabilized by implementing a control structure that improves monitoring. The equivalent to an Open Skies treaty in the context of R&D partnerships could be to grant access for mutual crosschecking of information. It could also imply mutual monitoring to make sure that behaviour and outputs were as expected. This type of control structure creates stability by safeguarding against potential opportunism. Thereby, it can stop the escalation of distrust after a trust violation and help to preserve an R&D partnership.
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Step 2: Improve coordination Even though control and monitoring provide a safeguard, they are not the same thing as trust. In order to build a platform for trust repair, it is important to combine monitoring (which creates assurance against trust violations) with coordination (which helps to align tasks and joint activities) (Brattström & Bachmann, 2018; Brattström & Richtnér, 2014) . Consider the following example (described by Faems et al., 2008) :
At the end of the 1990s, Graph and Jet (pseudonyms), two companies in the image printing industry, initiated an explorative R&D collaboration. Unfortunately, the R&D partnership soon ran into unanticipated problems that the partners found it difficult to sort out constructively and collaboratively. After about two years of conflict, the situation became unsustainable and the collaboration was terminated. Whereas this could have been the end of the relationship, the partners instead chose to initiate a second collaboration, despite prevailing mistrust among managers. Jet was low on cash and needed financial support from Graph, while Graph needed access to Jet's advanced technologies (i.e., there were strong interdependencies). Graph and Jet jointly realized the need for a better control structure. They specified in a contract that both companies would conduct similar technological tests and hold joint meetings in which they would share information; they also made it clear what technological activities each expected from the other. In short, they drastically increased the transparency of joint operations in order to facilitate a constructive approach to problem-solving. This new control structure improved the relational climate and eventually contributed to the repair of trust.
Graph and Jet managed to repair trust without either party making an apology. Instead, they implemented a contract that clearly stipulated information exchange and joint problem-solving. Such improvement of coordination is important because there is often a strong, positive link between the successful alignment of activities and trust (Brattström & Bachmann, 2018) . A breakdown in task alignment can raise suspicions that the failure was intentional and deceitful. On the other hand, when the alignment of tasks succeeds and the partner delivers as expected, it is easier to think that the partner is trustworthy. Control structures that facilitate communication, contribute to a shared culture and a shared "language", and they create a joint understanding of the task at hand, which makes it easier to overcome the challenges that emerge during collaborative projects. In this way, coordinative control creates a platform for building trust.
Step 3: Gradually relax monitoring The last step is a gradual reduction of monitoring. This enables partners both to demonstrate their own trustworthiness and to signal their trust in each other. In addition, it is important to consider more general trust-building activities, such as clarifying expectations and dealing with conflict before it escalates.
How control can backfire
Control is an important aspect of all R&D partnerships, but it can be counterproductive. Instead of inducing stability and predictability in the R&D partnership, control can be interpreted as a signal of distrust, fueling a negative spiral instead of calming it.
For control to work, partners need a shared understanding of what control is needed and why. In the Open Skies Treaty, all the signatory nations have a common interest in peace and stability, and all agree that aerial surveillance increases the chances of achieving this outcome. In an R&D partnership between two firms, partners may disagree about who is guilty and in need of control, or what type of control is necessary. If the breach of trust is the result of a series of mutual and escalating transgressions, increased control is particularly likely to be interpreted as an escalation of conflict. To address this, executives must be certain that they and their partner have a clear shared understanding of what control is needed, as well as aligned expectations on where increased control will lead.
Repair Trust by Shielding Off
Apologies and controls are examples of how a trust violation can be dealt with by directly attacking the rootcause of the problems. By making an apology, the guilty party demonstrates that it is aware of the problem and intends to solve it. By implementing a control structure, the wronged party seeks a constructive way to prevent future transgressions. In comparison, the third approach -shielding off -implies an implicit workaround of the problem at hand. Rather than addressing the cause of the breakdown in trust, this approach is predicated on shielding-off less combative groups from the source of conflict, allowing them to repair trust locally by ignoring the cause of the breakdown.
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Step 1: Shield off less combative groups from the source of conflict Consider the following example (described by Brattström et al., 2018):
In 2006, Machine, a global manufacturer of construction equipment, and Cooler Systems, one of its key suppliers, were running a joint development project that was facing serious delays and unforeseen costs. As a result, the collaboration between the two firms became antagonistic at the top management level. Operational engineers, however, had a more constructive dialogue, since they could interact via fact-based reasoning around the technical details of the component being developed. In order to sustain progress in operational tasks, it was therefore decided that communication between engineers and managers would be very restricted, and that engineers would focus on solving practical problems "here and now", disregarding the conflicted past as well as any complicated and uncertain discussions about the future. As it happened, these actions provided the peace and quiet required to soothe the relationship between operational engineers. Later on, a new control structure was implemented in this R&D partnership, which enabled managers to continue with their hands-off approach and engineers to maintain their focus on daily problem-solving. Eventually, trust became established at the operational level and this trust contributed to a corresponding relational turnaround between managers.
Isolating less combative groups from interaction with more combative groups stops the escalation of conflict within the firm. Escalation across groups is otherwise a common pattern in conflicts (Collins, 2008) . Groups that are in conflict often seek "allies", meaning other groups with which they can share gossip and stories, thereby increasing polarization between the conflicting parties. In contrast, shielding off less combative groups helps to damp down the flames of escalation.
Step 2: Let the shielded group focus on practical problemsolving Once escalation of distrust has been slowed down, the focus shifts to establishing a platform for trust repair. This is done by stimulating local repair of trust among less combative groups, even though other groups within the R&D partnership may still exhibit distrust. In the R&D partnership between Machine and Cooler, local trust repair was enabled by allowing engineers to focus on solving practical tasks here and now. As engineers began to reason, "we are all engineers", this created a sense of mutual understanding and limited polarization. Over time, sentiments of trust and friendship emerged among engineers, even though distrust remained among corporate managers.
Step 3: Gradually diffuse local trust Local trust repair can subsequently function as a platform for repair of trust in more combative groups. An important activity in the final step, therefore, is to increase interaction between groups once more. This allows for a positive trust spiral to take effect as local trust diffuses to other groups. In the R&D partnership between Machine and Cooler, this took place when one engineer was promoted to the management level. Since he had a more positive attitude towards Cooler, he was able to positively influence trust perceptions among the corporate group.
How shielding-off can backfire
Like apologies and control, local trust repair also brings disadvantages. First, the approach is only applicable if one group is less combative than the other(s). In many R&D partnerships, distrust permeates all groups that interact with the partner, from corporate managers to operational staff. Another disadvantage is that shielding off can hamper coordination. In the R&D partnership between Machinery and Cooler, contact between corporate managers and operational engineers was suspended. In this case, this turned out to have a positive effect on trust. However, limiting interaction between managers and operational staff also decreases managers' influence over the firm that they are supposed to be managing and increases the risk that operational staff will engage in behaviour that is not in line with corporate policy.
Finally, the point at which interaction is increased between less and more combative groups is a pivotal moment. While the preferred outcome of this final stage is a diffusion of trust, the actual result could be the spread of distrust, pitching the R&D partnership partners back into a negative spiral. Before engaging in local trust repair, executives need to make a difficult call: whether they can risk losing control over their internal operations by allowing less combative groups to form local trust with an antagonistic partner, and how they can create the conditions necessary for trust to grow during the final stage.
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Discussion
The analysis presented in this article offers core implications both for managers of R&D alliances and scholars interested in processes of inter-organizational trust repair. The questions raised in the checklist are important because the answers will determine the appropriate way to deal with a specific trust violation. At the same time, these questions are tricky, because they do not have black-or-white answers.
3. Effective trust repair can require a bundle of different approaches. Seasoned executives know that every strategy has the risk of backfiring. What may be most appropriate when seeking to repair trust is to bundle together two or more of these different strategies together. R&D partnerships are complex and multi-faceted affairs, but they are here to stay. Although it is crucial for their functioning, trust is not a tangible object that can be managed in a transparent and predictable way.
Implications for research
Dealing with trust violations is an important but challenging task. The emerging literature on trust repair between individuals and organizations offers important insights into this process. Prior work has highlighted two different "tactics" for repairing trust: one based on apologies, the other based on control . Whereas the control perspective has been discussed extensively in the context of inter-organizational relationships, the apology perspective has mainly been analyzed in the context of interpersonal relationships. I add to this literature in three specific ways. First, by relating the apology perspective on trust repair to the particular conditions that face managers of interorganizational relationships. Second, by developing local trust as an alternative strategy for repairing trust, which is different from both the apology and control perspective. I do so by synthesizing prior work and relating it to the specific phenomena of trust repair. Finally, my analysis answers calls that have been made for integrative perspectives on trust repair (Bachmann et al., 2015; Dirks et al., 2009; Lewicki & Brinsfield, 2017) . By relating different tactics, such as apologies, control, and shielding-off to a threestep framework (see Figure 3) , my analysis allows for a comparison of these different trust repair tactics.
Conclusion
Even though trust is desirable in R&D partnerships, it is frequently violated. Dealing with trust violations is therefore a critical part of an executive's job. In this article, I provide an overview of three different options after trust has been violated -exit, acquisition, and trust repair -and outline the pros and cons of each. Addressing the need for managerial advice on how to repair trust, this article provides an actionable framework of trust repair encompassing three critical steps: stopping escalation, building a platform, and repairing trust step by step. 
